Introduction
This communication reports unexpected results when undertaking thin-layer chromatography (TLC) of green leaves extract on silica plates with fluorescence indicator (F 254 ).
The separation of green leaves extract is an iconic experiment [1, 2] . Today, this separation is often undertaken on normal-phase silica to demonstrate the TLC technique or biological pigments in green leaves.
During the experiments aimed to test different mobile phases for separation, the plates were kept several days for comparison [3] . It was then observed that, on TLC plates with F 254 , the color of pheophytin changed from grey to green and that chlorophyll a remained green, as opposed to on TLC plates without F 254 .
This aspect was, to our knowledge, never discussed in textbooks or general chromatography books, e.g., [4] [5] [6] , or in the specific literature on thin-layer chromatography [7] [8] [9] [10] [11] [12] [13] [14] . Problems with the fluorescent indicator, F 254 , added to TLC plates have, however, been reported [15] . Saitoh et al. reported disturbing influences of F 254 on synthetic pheophytin derivatives in TLC on silica gel 60, suspecting that zinc ions in F 254 were involved [16] .
Experimental

Chemicals and Equipment
The extraction solvents were analytical grade or equivalent from various suppliers. Nitric acid was "scan pure" quality. Water used in the inductively coupled plasma mass spectrometry This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium for non-commercial purposes, provided the original author and source are credited.
(ICP-MS) sample preparation was from a Millipore (Bedford, MA, USA) water purification system. For TLC silica gel G 60, either with or without F 254 , a precoated 0.2-mm layer on aluminum sheet 20 cm × 20 cm (Merck, Darmstadt, Germany, 1.04444.0001 and 1.05553.0001, respectively) was used, and the plates were cut to the required sizes. For analytical purposes, sample spots or lines were manually applied with glass capillaries or disposable pipet tips (for gel loading, 1-200 µL, with 25 mm capillaries, VWR [Radnor, PA, USA] 613-0257). Glass Pasteur pipets were used for preparative purposes. ICP-MS analyses were conducted on a Thermo Scientific Element 2 High Resolution ICP-MS system (Thermo Fisher Scientific, Waltham, MA, USA) run at intermediate resolution (>4000 for the ions studied here).
Sample Preparation
Green Leaves Extract
The extraction of plant material such as green leaves is well known, e.g., [3, 17, 18] . Fresh spinach or rocket salad (ruccola) leaves were mixed with sand, some drying agent (e.g., magnesium sulfate), and acetone to just cover the leaves, then macerated in a mortar. The acetone solution was decanted, and the residue was thoroughly mixed and extracted with an appropriate amount of n-hexane. The resulting solution was decanted, dried with MgSO 4 , filtered, adjusted to a concentration suitable for the TLC experiments, and stored in the dark at 4°C before use.
Porphyrin Samples for ICP-MS Analysis
The preparative TLC analyses were performed on 20 cm × 20 cm plates developed with hexane-acetone-ethanol (70:28:2, v/v, standard eluent) to solvent front migration distances of 14-17 cm. This provided zones of pheophytin, chlorophyll a and chlorophyll b sufficiently separated to be scraped off and extracted with a small volume of acetone-hexane (1:1, v/v). The extracts were filtered, and the solvent was removed. The residues were redissolved in 0.7 mL concentrated nitric acid, diluted with 3.5 mL water, and sonicated for 1 h at 80°C. Before ICP-MS analysis, water was added to a final volume of 15 mL.
Chromatography
Linear Development and Band/Spot Evaluation
Green leaves extract was applied as a line (1.5 mm × 20 mm) onto 4 cm × 10 cm silica TLC plates (with and without F 254 ) and developed with standard eluent until satisfactory resolution was achieved, typically with a migration distance of 6-7 cm of the solvent front. The developed, dried TLC plates were wrapped in aluminum foil and left to stand at room temperature for up to 3 weeks. Color changes were documented by scanning the plates regularly.
Two-Dimensional TLC Experiments
Green leaves extract was applied onto 10 cm × 10 cm TLC silica plates (with and without F 254 ) and developed with the standard eluent up to 9-10 cm solvent front migration distance. An analogous transverse elution was undertaken after 5 min and 1, 3, 7, and 9 days. The TLC plates were scanned immediately after each elution. Brightness and contrast were adjusted to better visualize the weaker spots.
Results and Discussion
The pigments in green leaves are carotenoids, chlorophylls, and pheophytins. .
When the developed TLC plates of green leaves extract on F 254 silica are left in the dark at room temperature, the pheophytin band changes color within 1 to 2 days. Figure 1 shows the result after the 2nd and the 8th day. A change in the color shade can also be observed in the band of chlorophyll a. After 8 days, the "sea green" chlorophyll a band has turned into the same color as the pheophytin band. The "pear-green" chlorophyll b band appears to better retain its shade of green. On TLC plates without F 254 , chlorophyll a has turned grey after a few days, chlorophyll b has lost some of its greenish hue, while the color of pheophytin remained unchanged. 
Figure 2
One-and two-dimensional TLC of green leaves extract on TLC plates with (a) and without (b) F 254 . a1 and b1: 1st dimensional elution immediately after application and development; a2 and b2: the same 1st dimensional elution after 9 days storing at room temperature in the dark; and a3 and b3: 2nd dimensional TLC after 9 days. For a3, a reference sample of the original extract, stored in the refrigerator, was coeluted. Brightness and contrast of the scanned pictures were adjusted to better show the weaker spots in print. These spots were nevertheless clearly visible to the naked eye on the actual TLC sheets.
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before the second perpendicular elution was made (Figures 2a-3  and 2b-3) . On the plate with F 254 , the pheophytin spot (originally at R f 0.30) has separated into several spots (R f 0.0-0.28) behind the grey pheophytin spot at R f 0.37. They are all in variable shades of green, though the original grey pheophytin spot can still be observed. On the TLC plates without F 254 (Figure 2b-3) , there are no spots (green or grey) between R f 0.0 and the grey pheophytin spot at R f 0.41. We suspect that the green colored spots on the plates with F 254 stem from the incorporation of Zn 2+ in the compounds.
The chlorophyll spots have also separated into several spots (Figures 2a-3 and 2b-3) . This is no surprise as chlorophylls are known not to be stable on silica [19] ; thus, mild sorbents such as sucrose and cellulose are often preferred. On the other hand, silica, a strong sorbent known to result in pigment degradation, has the advantage of narrow bands [8] , making it sometimes the preferred choice. These latter two features are illustrated in Figure 2 .
To check whether Zn 2+ really had migrated "into" pheophytin as well as replaced Mg 2+ in chlorophyll, several TLC plates were developed and stored in the dark at room temperature. At given time intervals, the bands of pheophytin and the chlorophylls were extracted with solvent (acetone-hexane). These extracts, after nitric-acid digestion, were subjected to ICP-MS analysis.
No rigorous quantification was attempted, and the amounts of elements determined in the isolated fractions from the developed TLC plates must be treated cautiously. Neither concentrations nor exact volumes applied onto the TLC plates of leaves extracts were known. Nevertheless, the ICP-MS results showed a definite increase over time of Zn in the extracts of pheophytin from the TLC plates with ). This complies with the visual results in Figure 1 where chlorophyll b keeps the initial shade of green color longer than chlorophyll a. In the extracts from TLC plates with F 254 , about a tenfold increase in the Zn-Mg ratios was observed after 16 days for both chlorophylls, underpinning the visual results in Figure 1 where the chlorophyll bands on the TLC plates with F 254 are still green, although with a slightly changed hue, after a long time.
The fluorescent material (manganese-activated zinc silicate) added to TLC silica plates is rarely mentioned as an issue in chromatography of green leaves extract; however, the color of pheophytin is often reported to be green/olive green. For example, Quach et al. state that comparable results were obtained on TLC plates with and without fluorescent indicator [13] . However, in their Figure 1B , both pheophytin a and b are thoroughly green. Is it possible that this may come from migration of Zn 2+ from a TLC plate with fluorescent indicator added?
On the other hand, TLC plates with F 254 can intentionally be employed. Then, the phenomenon of Zn 2+ migrating into pheophytin and chlorophyll can be used as an introduction to metal complexes, chemical structure, and stability. As the zinc ion-pheophytin complex is very stable, the color will keep for years if the plates are kept in the dark. The stability of chlorophyll b compared to chlorophyll a is still an open question.
It is also possible to accelerate the phenomenon of Zn 2+ migrating into the porphyrin structure by adding a drop of dilute Zn salt solutions (1.0 M) to the pheophytin band/spot on a developed TLC plate, followed by gentle heating with, e.g., a hair dryer for less than 10 s. This is illustrated in Figure 3 . As can be seen, the previously grey pheophytin band has turned green. 
